Introduction
The study of molecular interaction plays a vital role in the development of molecular science. Ultrasonic waves have been used by many scientists to investigate the nature of molecular interaction and physico-chemical behaviors of pure, binary and ternary liquid mixtures [1, 2] . Ultrasonic velocity along with density and viscosity data furnish wealth of information about interaction between ions, dipoles, hydrogen bonding, multipolar and dispersive forces [3] [4] [5] .
Mixed solvent rather than single liquids are of almost practical importance in most chemical and industrial processes as they provide a wide range of mixtures of two or more components in varying proportions so as to permit continuous adjustment of desired properties of the medium. The mixing of different compounds gives rise to solutions that generally do not behave as ideal solutions. The deviation from ideality is expressed by many acoustical and thermodynamic variables particularly by excess or residual properties [6] [7] [8] [9] .
Excess parameters, which depend on the composition, temperature and pressure of the system, are of great importance to a chemical engineer in the design of industrial separation process and to a chemist for arriving at theories of liquid mixtures. Accurate knowledge of acoustical and thermodynamic properties of organic liquid mixtures has relevance in understanding the molecular interactions between the components of the mixture.
In the present work, an attempt to understand the molecular interaction in the ternary mixtures of aniline+toluene+methyl isobutyl ketone (MIBK) and N-methylaniline+toluene+methyl isobutyl ketone (MIBK) through ultrasonic velocity, density and viscosity measurements at 303, 308 and 313K. From these experimental data, adiabatic compressibility, free length, free volume, internal pressure, Gibb's free energy and their excess values have been calculated.
II. Materials And Methods
The liquid mixtures of various concentrations in mole fraction were prepared by taking purified AR grade chemicals. In both the systems, the mole fraction of second component, toluene was kept fixed (0.3), while the mole fractions of the remaining two were varied from 0.0 to 0.7, so as to have the mixtures of different compositions. The ultrasonic velocity for the mixtures was measured using the ultrasonic interferometer (Mittal Enterprises, New Delhi) at fixed frequency of 2MHz with an accuracy of ± 0.1%. The density and viscosity were measured using the specific gravity bottle and on Ostwald's viscometer respectively.
Theory and calculation
Using the measured data, the acoustic parameters such as adiabatic compressibility(β), free length(L f ), free volume(V f ), internal pressure(π i ), Gibb's free energy (ΔG*) and their excess parameters have been calculated using the standard relations. 
III. Results And Discussion
Experimental values of density, viscosity and ultrasonic velocity for two ternary systems at different temperatures are show in Table 1 . The adiabatic compressibility, free length and free volume are presented in Table 2 . Table 3 shows the values of internal pressure and Gibb's free energy.
Figs. 3-7 show the variation of excess values of above said parameters in ternary systems with composition of arylamine. On analyzing the experimental and derived parameters, interesting observation has been obtained on the addition of arylamine with toluene and MIBK.
It is observed from Table1 that density, ultrasonic velocity and viscosity for both the ternary systems increase with increase in mole fraction of arylamine. The variation of these properties is different from ideal mixture behavior and this can be attributed to the molecular association and structural changes occurring in the systems [10, 11] . The molecular association arises from hydrogen bonding between the components of mixtures. The increasing trend of experimental data reveals that the addition of arylamine makes the binary mixture to be more compact, thereby revealing the attractive type interaction between the components. All the mixture becomes more and more compact with the further addition of arylamine.
Also it is noted that the velocity of ultrasonic wave, density and viscosity decrease with increase of temperature. As the temperature is increased, the available thermal energy facilitates breaking of the bonds between the associated molecules into their monomers and hence increase in thermal energy weakens the molecular force which in turn decreases the measured data as excepted.
Arylamines are having relatively higher dielectric constant [12] and basically electron donor nature, when it mixes with MIBK exhibits significant interaction like a hydrogen bonding between the participating molecules. Aniline/ N-methylaniline molecules are highly polar and associated through hydrogen bond in their pure state [13] and MIBK is also self associated through dipole-dipole interaction [14] in the pure state. The mixing of aniline/N-methylaniline with MIBK tends to break the associate present in the aniline/ Nmethylaniline and MIBK species which results in the formation of new associated species which consists mainly of hydrogen bonding (N-H…O=C) between hydrogen atom of aniline/N-methylaniline and oxygen atom of ketone molecules as depicted in Figs.1 and 2. On comparing both systems, the values of density, viscosity and velocity of aniline are greater than Nmethylaniline. This suggests that the molecular interaction is stronger in aniline system than in N-methylaniline system. This is due to the availability of more number of electrons on amino nitrogen in N-methylaniline than aniline. So the dissociation of proton from the N-methylaniline is less probable thereby weakening the hydrogen bonding interaction with the ketone.
The adiabatic compressibility and free length (Table 2) both have an inverse relationship with ultrasonic velocity. The decrease in adiabatic compressibility with increase in mole fraction is an indicative of the fact that intermolecular forces are increasing which brings the molecules to a closer packing resulting into a decrease in free length. Similar trend in adiabatic compressibility and free length has also been reported by Palaniappan [15] .
Internal pressure in a liquid system is a measure of intermolecular cohesive forces [16] . From the Tables 2 and 3 , it is observed that as the mole fraction of arylamine increases,free volume decreases whereas internal pressure increases. This suggests the close packing of the molecule inside the shield, which may be brought about by the increasing magnitude of interactions [17, 18] . Table 1 . Density (ρ), viscosity (η) and velocity (U) of arylamine + toluene+ MIBK Table 2 . Adiabatic compressibility(β), free length (L f ) and free volume (V f ) of arylamine + toluene+ MIBK In both the systems, an increase in free volume and decrease in internal pressure with increase of temperature is noted. This may be explained that there is a tendency for the solute molecules to move away from each other, reducing the possibility for interaction, which may further reduce the cohesive force and ultimately lead to an increase in free volume [19] . The increasing positive values of Gibb's function indicate that the closer approach of unlike molecules [20, 21] and also suggests shorter time for rearrangement of the molecules in the mixtures.
In order to understand more about the nature of interactions between the components of the liquid mixtures, it is necessary to discuss the same in terms of excess parameters rather than actual values. Non-ideal liquid mixtures show considerable deviation from linearity in their physical behavior with respect to concentration and temperature and these have been interpreted as arising from the presence of strong or weak interactions [22] .
The values of excess adiabatic compressibility are negative over the entire mole fraction of arylamine. This may be qualitatively interpreted in terms of closer approach of unlike molecules leading to reduction in compressibility and volume [23, 24] . Roshan Abraham et al., [25] have reported that negative excess compressibility is an indication of strong interaction in liquid mixtures, which is attributed to hydrogen bond, charge transfer, dipole -induced dipole and dipole -dipole interactions and hence support the present investigation.
The excess free length (L f E ) is plotted against the mole fraction of arylamine in the ternary systems is shown in Fig. 4 . The negative deviations suggest the existence of strong interaction due to the formation of hydrogen bond [26] .
Variation in excess free volume (V f E ) and internal pressure (π i E ) of arylamine in the ternary systems at different temperatures is shown in Figs. 5 and 6. The excess free volume is found to be almost negative over the entire mole fraction of the mixtures in both systems. Negative deviations in V f E suggest the presence of strong interaction between hydrogen atom of aniline/N-methylaniline and oxygen atom of ketone molecules. Similar results have also been drawn in a variety of liquid mixtures [27 -29] .The excess internal pressure values have been forced to be almost positive for aniline system while π i E is completely positive throughout the mole fraction of N-methylaniline. The positive values of π i E indicate strong interaction between the component molecules [30] . The small positive and negative values of Gibb's free energy support the above views.
IV.

Conclusion
On the basis of experimental and evaluated parameters for the two ternary systems, it is concluded that there exists strong molecular interaction between the mixing components. Molecular interaction is due to the formation of hydrogen bonding through hydrogen atom of aniline/N-methylaniline and oxygen atom of ketone. The strength of interaction varies in the order: aniline > N-methylaniline.
